\ ■ 



L 



•••3' 

I 



. .. . A'. • • 



NATIONAL ADVISORY COMMITTEE 



-IV 



lV.vfr-:V-.j^-'--t.:- -^^^^^^^^^ •* -n'-v.-. 



REPRODUCED BY 

NATIONAL TECHNICAL 
INFORMATION SBIVICE 

U,S. DEPARTMENT OF COMMERCE 
Sf8ir«yiaD,VA. 22161 




■ -} 



AEUOXAUTICAL SITVIBOLS 
1. FUNDAMENTAL AND DKFtlVKD UNITS 





Symbol 


Metric 


English 1 


Unit 


Symbol 


Unit 


Symbol 


T>Mi;:ni 

Time 


/ 
t 

F 


mi'frr ..^^ 

soronrl . 


m 

ROC 

H 


foot, (or milo) - ' 


ft. (or m!,) 
ficc. (or hr.) 
lb. 


Force 


WciKhi <»f ony kUograin. 


focond (or hour) 

weight of one pound 


Power 


P 


kr;/m/soc 




horsepower 


HP. 

M. p, n, 

f . p. 8. 


Speed 


/km/hr 




mi./hr 













2. GENERAL SYMHOLS, KTC. 



ir, Weight, 

g, Standard accdenUioTi of gra\ity = 9.80065 
W 

Pi Density (mass ])cr unit volume). 
Standard doiisity of dry air, O.J 2 107 (kg-m~* 
sec.^) at 15^ C and 700 mm -0.0023 7cS*flb.- 
ftr*sec.2). 



mi* Moment of inertia (indicate axis of the 
radius of gyration, Tc, by proper sub- 
scrij)t)» 

S^y Wing area, etc. 
G, Gap. ' ^ 

6, S])an. J 
c, Chojd Icngtb. 
Aspect ratio. 



^\'g/m'J^!ofi5,12^^^^^^ ?-t--f™-^-^7. to elevator hiBge. 



i, Lift, absolute coefTicicut (7^* 



V, Tnio airspeed, 
ff, Dynamic (or impact) pressure 

L 

Z), Drag, absolute coofliciont 0^-^-^ 

0^ Cross-wind force, absolute coefliciont 

H, K(\^uU,int force. (Xofo flmt those coofTi- 
riouU jiro W ire tvi Im-g,^ ns tlie old co- 
eflicieiUs 7,^, J)^..) 

iV Anj^lo of sotli7i;:r.f -ings frelaiivo to thrust 
• InuO. 

f it. Anglo of stabilizer sotting with reference to 
thri!<t \\\u\ 



Hi Coeincient of viscosity, 
3. AERODYNAMICAL SViMBOLS 

7, Diliedral angle. 



pZ?, Keynolds Number, wlicre Z is a linear 

M dimension. 

€. g., for a model airfoil 3 in. chord, 100 
mi./hr. normal pressure, 0"* C: 255,000 
and at 15^ C, 230,000; 
or for a model of 10 cm chord 40 m/sec, 
corros]>onding numbers nro 299,000 
and 270,000, 
Cp, Center of i>ressure coeflicient (ratio of 
distance of C. P. from leading edge to 
chord length). - ^ » , - . > • * 
^, Angle of stabilizer settnig with reference 

^ toloworwing, (i'^ — 
Of, ^ Angle of attack. - " ^^i*; - » - 

€, AngUM)f ilownwash. - - 
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AERODYNAMIC CHARACTERISTICS OF AIRFOILS-IV 
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RErBlNT OK REPOUT No. 2M. oniGINAtlY PUIirXSHED SEPTEMBEU. 1.K 

INTllOnUCTION 

„t tl.c lc».ling .crodynamic l«l»rat«r,c, o( Ito c« ml,y ami '^""P';;^ l„lK,rat«rics is hero 

individuiil n.cthods of testing arc not slnctly too closely 

size of model and speed of tests arc suppled. ] r^,,,, of different wing 

the coefncients of two wmg sections tested ^'.'^^ ,,i„tive values, 

soetions fron. tl,c same sonrcc. howesw, may be f J" ^^^^'^^/a _.NI27 (Reference Nas. 506 
The series of airfods designated A. C. A.-Mi ^o^^'^^^ National Advisory Conimitteo 
to 532) were tested in the variable density wind tunnel of the National Artvi.ory 

for Aeronaut ie. at a pressure of approximately ^O ^j'^j^P'!^*^'- j,, , ^i,, ^T^^ional Advisoiy 
Tlieahsolute.ysto.c.c^^^^^^^ and 

^^ZXJ::":!^:^^^^^^^^^ can l. ea^ly made. For this purpose a set 
of transformation constants is given. presented in the 

Kach airfoil sect.on is given a reference numboi, for designing 

form of curves from which the coefT.cients can be r^^^^^^ :;f„i::f„;tr oTSions nlon^ the 
purposes. The dimensions of f'^.P^ ^ J^/;/:;';,^ .^^^^^ line. When two sets of 

chord in per cent of the chord, ti c attcr ' j^^^^^ those for the maximum section 

ordinate^ arc necessary, on account of taper u ehoid oi^^^^^^^^ ^.p 

(at center of span) are given on the ^"f '^^^''J^^^'^'^^'Xy J^^^^^^ of ordinate to chord 
(dotted) section are given in separate tip section. The shape 

remains constant the one set «f <>^-^^'"'^t*^^, to more clearly visualise 

of the section is also s]l0^^•n with reasonable accuiacy to en bic 

the section under consideration, together ^^''t Vil d™ t^^^ of the laboratory at which 

The authority for the results here presented is given as the ^ ' 
the experhnents were conducted, with the si.e of model, wind veloct,. and jear of te.t. 

TRANSFORMATION CONSTANTS 

For the convenience of those who prefer to use a ^^^^'^fZ 
«,vstom, there is given below a tabic of transformation constant^ based on 
S'l'ulopted b^tho National Advisory rcunniittee for Aoronau.u. of- 

Temperature -= 15.t)° C. - OU.l i- 

Pressure - 700 mm ITg. - 29.02 m. 11?:. 

Humidity ■= 0. ^ » 

Grnvitv 9.806 m;soc^-_32.172^tW^ec. 
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RKPOIIT NATfON'AL ADVTSOHV COMMirrKK FOIl' AEKOXAUTICS 
thus giving Vdliir^ of sjiocific weight of air 

, ,,. =--1.223 kg/in' ^.0.07035 II../ft» 

nnd of density 

P - 0.1247 ill tlie French engineering or kilogrnm, motor, second Rvsloni 
Or ■ 

- 0.00237 in the Englisli or p(nin«l, foot, second svsteni. 

In ubsolulc units J" _ p~CV^p/2 

In kg/m" (m/scc.) 7>. 0025 C'V 

In kg/m* (kni/lir.) p ■()0-ll.S22 CV 

In Ib./sq. ft. (ft./scc.) P- .OOllsi) CV 

In Ib./sq. ft. (mi./hr.) P = !o0255,S CV' 

rn. J^l'^'^^ '•""^t'^'its nrc Imlf as large .is these used in 7loporl« Nos. 0.3 and 124 an.I that U.o aLsolutc 

INDEX 

Three, scpnr.ifot.vpo.'^ of imlo.x are given - dmrt indexes wliich make it possible for n dcsi-ncr 
to select tlic wing section most suitable for the particular design in which he is intercsteri- a 
group u.dex wh..-h ,s arranged by countries and hiboratories at which tests were conducted.' 
each section also being designated by a reference number; and an alphabetical index. 

CHART INDEX 

In order that the designer may easily i)ick out a wing section which is suited to tlie tvpe of 
airplane on which he is working, four inde.x charts are given which classify the wings according 
to their aerodynamic and structural properties. In the charts of this report a lower-case letter 
is placcd adjacent to the reference ivuniber giving T7 values, so that a comparison can be made 
without refcrnng to the individual drawings. In this value F represents wind velocity in feet 
per second and I a linear dimension, tlie chord, in foot. 

In chart No. 1.3 tlie minimum drag, is plotted against thcZ/Z>al one-fourth thcmaxi- 
imim lift, Cj,. This chart should be used in choosing a wing section for a high-speed airplane 
llie wing sections being more suited for this use (he farther they are from the l.)wer left-hand 
comer. 

In chart No. 14 the mean spar depth is plotted against the maximum lift, ^7,, in onler to 
show the possible strength and lightness of the wing structure. The higher the maximum lift 
coelTiciont is the siuallcr will be the wing area and the lighter the structural weiHit and in the 
same way the greater the depth of the spars the lighter will be their weight, so that the sec- 
tions the greatest distance from the lower left-hand corner will give (he lightest and stron^e^t 
wings. The "mean spar depth" is obtained by assuming the spars to be located respectively 
at 15 and 00 i)er cent of the chord, and by dividing the sum of their thicknesses by 2 In the 
case of sections (aporod in ordina(e, or chord, or both, the mean spar depth of (he maximum 
section (section at center of span) is taken in per cent of the constant chord for the ordinate 
taper, and of the mean duud !ov the chonl taper although accompanied, in certain airfoils 
with an ordinate taper. * 

In chart No. If, the maximum, L/D, is plotted against the maximum lift, C, , which is of u<e 
in choosing the wing section for a slow and efTicient airplane. In the same wav as before (he 
sections farthest from (ho lower left-liaml <'(M-nor are the best f..r this pur|ios.\ 

^'^^ two-thirds the maximum lift, C\., is plotted against the maxi- 
mum lift, Cl. This chart can he used for choosing a section that will give an cflicicnt climb or 
n long range at cnii-ing speed. The best sections for thi. jMupose will be fart hot from the 
lower left-hand corner of the chart. 



CHART INDEX 

B I !j T'^'-'rr - » 

J pioiuu againht the nmxinuiin lift, C/. 030 
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GROUP INDEX 



Atrfoll 



\Vin»l tunnel 



UNITF.D BTATEB 

N. A. C. A. 07.-- 

S\ A. C. A. 98 

N A. C. A -Ml 

N A. C:. A.-M2 

N A.C. A.-M3 

N. A. C. A-'^Ii--"- I 

N. A, C, A.-M5 

N.A. C.A.-MO - 

N. A. C A -M7 

N.A. C. A.-MH 

V A.C. A.-MO-.- 

\ \. C. A.-M10.. 

X, A. C. A.-MIK- 

\ A. C. A.-M12 

N A. c. A-Nn:i 

N. A.C/A,-MU 

N A. 0. A.-Mlo 

N.A. a A.-MIO 

N. A. C. A.-Ml^ 

N. A.O. 

\ A. C. A.-M19 

N. A. (:.A.-M20 

N. A. C. A.-M21 

N.A. C. A.-M22 

N. A. C. A.-M23 

*\ A. C. A.-M2i 

X A. C. A.-M2r) 

N A. C. A -M2r» 

N. A. C. A.-M27 - 

U. H. A. 5_ 

U.S. A. 27 ..-^^5.;^- 

U. S. A. 3r)A/.. 

D S. A. 35U_-. r ' 

Xj' S A. 27 with ordiimlos 
decreased 10 P<^r cent. 

Albatross (Modihca) A 

Albatross (Moditied) 1* 

C-C)2- 

q^-^ 

l)-2TModiried M-SO). 

Gottingen 387 (Tapered) 

N. W 

Davton-Wnp^bt 11- 

Davtot.-Wri^^btT-UTapored) 

NS-1 - - 

D\V-9 

N 6 

N-7 r 

N S. - 

N 9 - ■ 

N-10 

N-n 

X 12 

X 13 

X-H 

X 15 - 

X U ► - - - 

X 17 

N-IS - ■ 

X 19 

X 20 - , 

Sloanc ^^ModiUed) 

S. A. 10 

U. S, A. 41. 

\r A. H» 

\\ S. A. tS 



A. 



uunibor U 



AUfoH 



U. S. A. 49_. 

U. S. A, 50 

U.S. A. 51 _ 

Km Martin 2TM^^^^^^ ''^ ' 

l)ayton-\VrMd»i ^ '■•~do::".. 

l)avtou-^^ n^bl u.. 

U. H. A. 35 

U. S. A. 10H 

U. S. A. 45 

Clark V 

Clark W 

Clark X - 

Clark Y 

[ Clark Z 

. C-27..-..>- — - 

I llalbronn 1 A 

\ Hill 85-15-.-^---- 

i; Cdenn Martin 7 

Glenn Martin 0,-- 

Y. (;ionn Martin 1 1 - 

ij Glenn Martin 13 

' (;UMin Mnrtin !•> 

Glenn Martin li^ 

Glenn Martin 1< 

Glenn Martin IS 

Glenn Martin 10 

Glenn Mnrtit\ 20. 

Glenn Martin 21 

CHKAT lUilTAlN 



530 Fagc & Howard A 

530 FaRe Sc owan B 

Fagccfe uwardU 

540 ; Fafic^ Howard V - 

541 ' Fape ^ Howard h- 

MO 11 Vftpo 1^ Howard I 

V13 ' H. A.F. 15 

M4 11 H. A. F. 30. 



545 



54S i 

540 ; 

550 , 

551 
552 
553 
55 \ 



H, A. F. 31 

11. A. F.32 

H. A.F. 33 

i GFtlMANV 



r>03 




Cilftinn-Mi 270 (Oiinn -T ^>-- " 

I iiii'. ii '^vj ( Oaiinli-r \ 1 1 n - -< " - 

l'<'">."^- r,,.c;\i V \ H U)).!.--!!" 

Oi.lt.npo" . S N . N • A- • * > t ..ao.. . 
Gi-.l t .nt.'.'n . ( 0 M V A- • •» . , 

Gottingen 3U> ^Hansa.Ui:in- 
GofiinpMi :us 01an>a-nrrtn- 
ih'nbiir^; N ^-*V^. , ►.^ 

Gottin^:en 32ij {VM^ '\: \\, A. L 

GOttin^en 3>i ■ 



! ..do.-. 

I 

.ao_ 



022 

023 
53S 



104 



ALPHABETICAL INDEX 



{ !l 



Airfoil 



nunilier 



Albatross {mnfUficfl) A 

Albalross {modified) B 

027. 



C-C2 

Clark V 

Clark \V_ 

Cliirk X 

Clark Y 

Chirk Z 



D-2 (Modified M-80) 

Day tori- Wright 5 

Dayton-Wri^bt C 

Dayton-Wri^sUt T-l 

Daylon-Wright T-1 (tapcrc<l) 

D\V"9- 



Fa go A- Howard A 

Fage Sc Howard H , 

Fagc & Howard C 

Fage A: llowan! 1) 

Fagc & Howard E 

Fagc Sc Howard F 

Glenn Martin 2 i.inodified) 

Glenn, Martin 7 

Glenn Martin 0 

Glenn Martin 11 

Glenn Martin 13 - - 

Glenn Martin 15 

Glenn Martin IG 

Glenn Martin 17 

Glenn Martin IS 

Glenn Martin 10 

Glenn Martin 20 

Glenn Martin 2L„ 

Gottingon 274 (Daimler \) 

Gottingen 27o (Daimler VT) 

Gottiiigon 270 (Daimler VTT) _ 

Gr)ttingen 270 (Dainder X) . - 

Gottingen 2S0 (Di^in^^^r XI) 

Gottingen 2S2 (Daimler XIIT).- 

Gottingon 30S (M. V. A. H. 40) 

Gottingen 1^09 (M. V. A. H. 41) 

Gottingen :nO (M. V. A, H. 42} 

Gottingen 314 (Hansa-Hrandenhnrg) , 

Gottingeii 315 (Hii^^^i^-l^iii^^denhiirg 111.5) 
Gottingen 310 (Hansa-Hrandenhurg IV.5)..i 
Gottit^gen 31S (Hansa-Hrandenburg VLr>) . 

Gottingen 3'JO i^ViiiU 55),, _ . 

Gottingen 3S7 ' 

(uUtiiigiMi i>N7 Oi'P^^ri'd) . 

Halbronn 1-A [ 



Hill S5- 



x-s.. 



X- n . 



X 
N 
X 



13_. 
1 l... 
15. 



540 
541 

5SG 
512 
5S1 

5S2 ,| 
5^3 * 

5<«5 ■ 

544 : 

57G J 
577 

547 

54 S 

550 ' 
600 ' 
COl . 
602 I 
603 
604 
605 I- 
575 
5^9 1 
500 1 
591 li 
592 

503 ;| 

594 

595 i 

596 

597 : 

59.S I 

599 ; 

610 H 
Gil ! 

Gr2 1 

613 ! 

614 

615 

616 i 

617 

618 

610 ; 

620 
621 „ 
622 
6*j;» 

53S ■ 

515 

5s7 

5SS ;; 

551 

552 ' 

553 ;■ 

554 

555 !' 
556 
557 
55S : 

559 ' 

560 : 



X- 16 

X-17 

X-^IS 

X-19. , 



X 20 

X. A. C. A. 07 

X, A. r. A. 0^ 

X. A. C. A.-Ml._. 
X. A. C:. A.M2 , 
X, A. C. A,-M3.. . 
X. A. C. A.-M4_. 
X. A. C. A, M5, . 
X. A, C. A.-M6_.. 



X. A. C. A. M7. 
X. A. C. A. -MS. 
X. A. r. A. MO. 



N. A. 
X. A. 
X, A, 
X. A. 
X. A. 
N, A. 
X. A. 
X. A. 
X. A. 
X. A. 
X. A. 
X. A, 
X. A. 
X, A. 
X. A. 
X. A. 



C:. A. 
C. A. 
C. A. 
C. A. 
C. A. 
C, A. 
C, A. 
C. A. 
C. A. 
C, A. 
C. A. 
C, A. 
C. A. 
O. A. 
C. A. 
C. A. 



Mio. 

Mil. 

M12_ 
-M13- 
-M14. 

M15. 
"M16- 
-M17. 
MIS. 
MIO. 
-M20_ 
-M21. 
M22, 
M23- 

M21- 
-M25. 



X, A, C. A. M26 

X. A. C. A.-M27 

XS l._._ 

X. w 

U 3 

n. A. V. 15 

11. A. F, 30 



11. A, F. 31 

\{. A. F. 32 

W. A. F. 33 . 

Slnanc (motUUed). 

TX 

U. 
H. 
U. 



S. A. 
S. A. 
S. A. 
•ent., 
S, A, 
vS. A. 
S. A. 



'J7 with <»rdiriat('.> d<MTea^eil 10 {ht 



XL 
V. 
V, 
XL 
U. 

r 

w 

V. 

r. 



A. 
s. A. 

S. A. 
S. A. 
B. A. 

\. 
S. A. 

A. 

A. 



35 A . 
35U. 



40 _ 
10|\. 
IK _ 
45.. 
46.. 
-1S._ 
10. , 
50. . 
51 . . 



561 

562 

563 

564 

5t>5 

504 

505 

506 

507 

oOS 

500 

510 

511 

512 

513 

514 

515 

516 

517 

51S 

519 

520 

521 

522 

523 

521 

525 

526 

527 

52S 

520 

5:;o 
5:; I 

532 
510 
5 IT) 
571 
537 
606 
607 
60S 
600 
560 
513 
533 
534 

539 
57s 

5^>5 
536 
567 
570 

:.6s 

5nO 
5()0 
570 
571 
572 
573 
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Forctnt of Chord 
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Angle Q.' Atuck In Sflgrtet . 



Pircent of Chord K.A.C.A* 

jlp go \0 Ho 10 60 70 go 93 100 




f 0 ^ * 6 e I*; 12 i*» 16 18 
4' *U «f AlUck In Nfrr.i. 
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mnsEvcs to. wa 



Mxctnl of Chord «n'*n'ftn*' 
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P«rc«nt of Cliord 
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PO 

t 

5 10 



0 

li 

10 

15 

so 



It 

■IS 



UP'R . 




l.M 


1.54 
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TAHLE OF ORDINATES NOT GIVEN ON INDIVIDUAL CHAnACTERISTIC SHEETS 

lOrflinalcs for doltod soctlon a( lip where ratio of ortllnnto to chord dlffem from that of iiActfon At «ntf r of span] 
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positive dircclionH of axes imd anglcH (forcoa and nioniquls) arc Bhown by arrows 
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Anglo of set of control surface (relative to neu* 
t ral posit ion), 6. (Indicate surface by proper 
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4. PROrCLLKU SYMBOLS 



Dinnictcr, 
MlFr* 1 ivo |>iU'li 
Moaii geometric pitclu 
Staucbird i)itclu 
Zero thrust. 
Zero torque. 
p;I>, Pitch ratio. 
V', TuHdw velocity. 
V,, ^||J> si roam velocity. 



7^' 



T, Thnist. 
Of TiH\[\}c. 
1\ PiJwer. 

(If ''coeHicients" are introduced all 
units used nmst bo consistent.) 
77, Emeienry=7'T7P. 
71, lievolutions per sec, r. p. s, 
A', Ju^volutions ]>er niinute., R. P. 

•1>, I'^iTective liellx angle = tan~* 



6. NIJMFRICAL RELATIONS 



I lir 1.- Tii>oo. -550ll),/ft./soc* 

1 Kg/ni/ser,' 0.013 ir, IIP, 

I mi. 'lir. u t I7*M 

I iu/scc.»=^2JoOlK> nii./hr. 



1 II).- t)..|5;;50'J I277 kg. 
1 kg-2,204r>22 i lb. 
1 nii. Jtunui') m o2S0 ft. 
1 m = 3.2808333 ft. 



